Paricalcitol pretreatment attenuates renal ischemia/reperfusion injury by inhibiting p38 MAPK and activating PI3K/Akt signaling pathways Parikalsitol renal iskemi/reperfüzyon hasarını p38 MAPK aktivasyonunu inhibe ederek ve PI3K/Akt'ı aktive ederek azaltır Abstract Objective: This study aimed to investigate the renoprotective effects of paricalcitol, a synhetic vitamin D analog, through its possible roles on p38 MAPK and PI3K/Akt signaling pathways to prevent oxidative stress, inflammation and apoptosis during renal I/R. Materials and methods: Total 20 kidney tissues of sham (n = 6), subjected to renal I/R bilaterally for 45 min ischemia followed by 24 h reperfusion (n = 7) and paricalcitol (0.3 μg/kg, ip) pretreated Wistar albino rats (n = 7) were used in this study. Interstitial inflammation and active caspase-3 expression were evaluated histologically. TNF-α, IL-1β, kidney injury molecule-1 (KIM-1), MDA and SOD activity in kidneys were analysed biochemically. Furthermore, activation of p38 MAPK, PI3K/Akt signaling pathways and NFκB p65 were evaluated by western blot. Results: Paricalcitol pretreatment significantly reduced interstitial inflammation during renal I/R, which was consistent with decreased tumor TNF-α, IL-1β, active caspase-3 and KIM-1 expression. Paricalcitol also reduced MDA level and attenuated the reduction of SOD activity in the kidney during I/R. Moreover, paricalcitol could suppress the p38 MAPK and NFκB p65, and also activate PI3K/Akt signaling pathway during renal I/R. Conclusion: All these findings indicate that paricalcitol may be an effective practical strategy to prevent renal I/R injury.
Introduction
Renal ischemia/reperfusion (I/R) injury is the most important reason for acute kidney injury, which is related to high morbidity and mortality. It is resulted from blood deprivation followed by reperfusion and frequently encountered in shock, trauma, renal resection, and transplantation. The molecular mechanisms regarding renal I/R injury are very complex. It has been known that reactive oxygen species (ROS), necrosis, apoptosis and also inflammation are involved in renal I/R injury [1] [2] [3] .
p38 Mitogen-activated protein kinase (MAPK) is a critical signaling pathway, which regulates various pathological condition, including renal I/R injury. The activation of p38MAPK by both oxidative stress and cytokines occurred following renal I/R leads to renal apoptosis and inflammatory responses [4] [5] [6] . The results of previous studies indicated that inhibition of p38 MAPK activation could prevent renal I/R injury in experimental models [7, 8] . In contrast, the phosphoinositide 3 kinase (PI3K/Akt) is an important cell survival pathway against various stressors. Also, it has been shown to decrease oxidative stress and inflammatory response in the kidney during I/R [9, 10] . Thus, both suppression of p38MAPK and activation of PI3K/Akt signaling pathways may be potential targets for therapeutic strategy in renal I/R injury.
Paricalcitol (19-nor-1,25-dihydroxyvitamin D2) is a vitamin D analog that exhibits similar property in terms of biological activity, however, it has fewer adverse effects [11] . Accumulating evidence have indicated that renoprotective effect of paricalcitol is associated with its antioxidant, antiinflammatory and antiapoptotic action in various experimental models, including drug-induced kidney injuries [12] [13] [14] , diabetic [15] , obstructive nephropathy [16] and also renal I/R injury models [17] [18] [19] [20] [21] . However, information on the mechanism of renoprotective effects of paricalcitol is limited [19, 20] . Recently, we demonstrated that paricalcitol attenuated renal tubular injury by decreasing matrix metalloproteinase (MMP)-2 and MMP-9 expressions, which were responsible for proteolytic degradation of renal microvascular matrix during renal I/R [21] . Based on current information, this study was designed to demonstrate underlying mechanism of renoprotective effects of paricalcitol and we hypothesized that paricalcitol may exhibits renoprotective effects through its possible roles on p38 MAPK and PI3K/ Akt signaling pathways to prevent oxidative stress, inflammation and apoptosis during renal I/R.
Materials and methods

Animals and experimental design
Experiments were performed on kidney tissues obtained from our previous study [21] with ethical approval (DEU-HADYEK, 60/2016). Twenty male Wistar albino rats were divided into three groups: sham (S; n = 6), I/R (n = 7) and I/R + Paricalcitol (P) (I/R + P; n = 7). For the sham group, only laparotomy without renal I/R was performed and the kidney samples were taken without any further manipulation. For I/R group, bilateral clamping of renal pedicles was performed for 45 min followed by 24 h reperfusion and bilateral nephrectomy was performed after 24 h of reperfusion, as described in our previous study [21] . For the I/R + P group, rats recieved 0.3 μg/ kg (0.1 mL) paricalcitol (P) (Abbvie Inc., North Chicago, IL, USA) by intraperitoneal (i.p) injection 24 h before ischemia.
Histological examination
Hematoxylin and eosin (H-E) staining was applied to paraffinized kidney tissue sections in order to evaluate interstitial inflammation. Interstitial inflammation was scored semiquantitavely by using an image analyser (Olympus BX-51 Tokyo, Japan) as: 0 = none, 1 = 1-25%, 2 = 26-50%, 3 = 51-75%, 4 = 76-100% of tubules [22] .
Immunohistochemical analysis of caspase-3
To evaluate apoptosis, active caspase-3 (cleaved caspase-3) expression was analysed by immunohistochemically. All sections were deparaffinized and rehydrated followed by treatment with 10 mM citrate buffer (pH 6) and 3% H 2 O 2 . After blocking, sections were incubated with active caspase-3 antibody (1:100, AB3623, Millipore, Temecula, CA, USA) and secondary antibody. After staining and counter-staining with DAB (Roche Diagnostics, Mannheim, Germany) and Mayer hematoxylin, respectively, active caspase-3 positive staining in the sections was scored semiquantitavely defined as 0 = no immunoreactivity, 1 = little positive staining, 2 = moderate positive staining which is between grade 1 and grade 3, 3 = strong positive staining.
Preparation for biochemical analyses
The kidney homogenates were prepared in 50 mM potassium phosphate buffer at pH 7.8, which contained 0.15 M NaCl, 1 μg/mL leupeptin, 1 μg/mL pepstatin, 0.5 mmol/L phenylmethanesulfonyl floride, 1 μg/mL aprotinin and 1 μg/mL sodium ortho vanadate by using Tissue-Lyser (TissueLyser II, Qiagen, UK). The homogenates were centrifuged for 10 min at 2500 × g and the supernatants were used for MDA. Then, the homogenates were further centrifuged at 11,000 × g for 15 min to obtain supernatants for other analyses related to SOD activity, KIM-1 protein level, p38 MAPK, PI3K/Akt and NFκB p65 protein expressions.
Tissue MDA level
High performance liquid chromatography method was used for MDA levels in the kidney [23] . It depends on formation of thiobarbituric acid (TBA)-MDA complex. The fluorescence intensity of this complex was evaluated at 515 nm excitation and 553 nm emission followed by injection onto a column (C18, Nucleosil 100-5, 250-4.6 mm; Macherey-Nagel Inc., Diiren, Germany). The calibration curve was constructed by using 1,1,3,3-tetraethoxypropane (TEP) (Sigma, MO, USA) as a standard. MDA levels were expressed as μmol/mg protein.
Tissue SOD activity
SOD activity levels in kidney tissue were analysed by using the colorimetric kit (Cayman, MI, USA). The results were expressed as U/mg protein.
Tissue KIM-1 protein level
Kidney KIM-1 levels were quantified by ELISA kit (Boster Biological Technology, Wuhan, China). The results were represented as pg/mg protein.
Quantitative real-time PCR (qRT-PCR)
Total RNA was obtained from kidney tissues by using RNeasy lipid tissue kit (Qiagen, Hilden, Germany) and converted to cDNA by using a reverse transcription kit (Easy Script plus, ABM, BC, Canada). qRT-PCR was established with SYBR Green PCR Master Mix (Applied Biosystems, Warrington, UK) by using the Lightcycler 1.5 Instrument (Roche Diagnostics, Germany). The primers used in the qRT-PCR are the following: TNF-α, 5′-AAA TGG GCT CCC TCT CAT CAG TTC-3′ (forward) and 5′-TCT GCT TGG TGG TTT GCT ACG AC-3′(reverse); IL-1β, 5′-GGA AGG CAG TGT CAC TCA TTG TG-3′ (forward) and 5′-GGG TTC CAT GGT GAA GTC AAC-3′ (reverse); KIM-1, 5′-ACT CCT GCA GAC TGG AAT GG-3′ (forward) and 5′-CAA AGC TCA GAG AGC CCA TC-3′ (reverse); β-actin, which was used for internal standard, 5′-TGC AGA AGG AGA TTA CTG CC-3′ (forward) and 5′-CGC AGC TCA GTA ACA GTC C-3′ (reverse). β-actin was used for normalization of mRNA expression for each gene. 2 −ΔΔ Ct method was used to calculate the relative expression levels of mRNAs [24] .
Western blot
Briefly, kidney homogenate containing 50 μg protein per well was applied to 10% SDS-polyacrylamide gel electrophoresis [25] . Then the proteins on the gel were transferred to a polyvinylidene difluoride membrane (Millipore, MA, USA). Blocking was performed with 5% non fat dry milk in phosphate-buffered saline. The membranes were incubated with the primary antibodies: p-p38 MAPK (Thr180/Tyr182) (1:1000, Cell Signaling), NF-κB p-p65 (Ser536) (1:500, Cell Signaling) and p-Akt (Ser473) (1:1000, Cell Signaling). After washing, the membrane was treated with secondary antibody (sc-2004; Santa Cruz Biotechnology Inc.). Stripping protocol was performed for reprobing the membranes with the primary antibody against p38 MAPK (1:1000, Cell Signaling, Danvers, MA, USA), NF-κB p65 (1:500, Cell Signaling), Akt (1:500, Thermo Fisher Scientific Inc., Rockford, IL, USA) and β-actin (1:500, Santa Cruz Biotechnology Inc.). ECL reagent (Thermo Fisher, Rockford, IL, USA) was used for visualization of the bands. Densitometric analysis was done by using Image Studio Digits Ver 4.0 (LI-COR Biosciences, Lincoln, NE, USA).
Protein assay
Protein levels in the kidney tissues were measured by using bicinchoninic acid (BCA) assay kit (Sigma, Munich, Germany) [26] .
Statistical analysis
Statistical analyses were performed using SPSS version 22.0 for Windows. The differences among groups were assessed by the Kruskal-Wallis test. Mann-Whitney U-test was used to examine the differences between two groups. Spearman test was performed for the correlation between KIM-1 with p-p38 MAPK and p-Akt. All values are expressed as mean ± SEM and median (IQR). Values for p < 0.05 were considered to be statistically significant.
Results
Paricalcitol pretreatment decreases I/R induced oxidative stress
Oxidative stress was evaluated by MDA level and SOD activity, which are an indicator of ROS mediated lipid peroxidation and the principal antioxidant enzyme, respectively. Compared with sham group (0.826 ± 0.05 μmol/g protein) (Median: 0.822, IQR: 0.256), MDA in the kidneys was significantly elevated in I/R group (1.307 ± 0.07 μmol/g protein) (Median: 1.262, IQR: 0.315) (p = 0.002) and was reversed in paricalcitol pretreatment group (0.928 ± 0.08 μmol/g protein) (p = 0.015) (Median: 0.902, IQR: 0.316) ( Figure 1A ). On the other hand, the SOD activity was found to be significantly decreased in the kidneys during I/R (0.016 ± 0.005 U/mg protein) (Median: 0.117, IQR: 0.02) (p = 0.017), compared to the the sham group (0.067 ± 0.01 U/mg protein) (Median: 0.052, IQR: 0.07) and paricalcitol significantly increased the SOD activity (0.061 ± 0.011 U/mg protein) (Median: 0.060, IQR: 0.04), (p = 0.008) ( Figure 1B ).
Paricalcitol pretreatment reduces I/R induced interstitial inflammation and mRNA expressions of TNF-α and IL1-β
As shown in Figure 2A and B, interstitial inflammation, which was detected in the glomerulus, capillaries and peritubular areas, was significantly increased in the I/R group, compared to the the sham group (p = 0.029). However, paricalcitol significantly attenuated the interstitial inflammation (p = 0.008). Additionally, TNF-α and IL1-β mRNA expressions in the kidneys were consistent with histological findings. TNF-α and IL1-β mRNA expressions in the I/R group increased significantly by 7.4 and 6.25-fold (p = 0.004 and p = 0.035, respectively), compared to the sham group. Paricalcitol pretreatment, however, decreased significantly mRNA expressions of both TNF-α and IL1-β, by 1.91 and 2.05-fold (p = 0.041 and 0.017, respectively) ( Figure 3 ).
Paricalcitol pretreatment ameliorates I/R induced renal apoptosis
Active caspase-3 positive cells increased significantly in I/R group compared to sham group (p < 0.001). However, paricalcitol administration resulted in significantly decreased the active caspase-3 positive cells (p = 0.011) ( Figure 4 ).
Paricalcitol pretreatment reduces I/R induced KIM-1 expression
KIM-1 mRNA expression in the kidneys was found to be significantly elevated in the I/R group (677-fold), compared to the sham group (p = 0.016). Paricalcitol significantly reduced KIM-1 mRNA expression (218fold) (p < 0.001) ( Figure 5A ). KIM-1 protein levels in the kidneys also increased significantly in the I/R group (759 ± 26.02 pg/mg protein) (Median: 759.612, IQR: 104.65), compared to the sham group (460.73 ± 47.04 pg/mg protein) (Median: 453.458, IQR: 161.16) (p = 0.0022). It was found to be significantly decreased by paricalcitol pretreatment (644.46 ± 29.71 pg/mg protein) (Median: 634.877, IQR: 129.49) (p = 0.015) ( Figure 5B ).
Paricalcitol pretreatment suppresses not only p38 MAPK and NFκB activation but also activates PI3K/Akt during renal I/R
I/R was found to be significantly induced the phosphorylated p38 (p-p38) level, which reflects to activation of p38 MAPK signaling (p = 0.015) ( Figure 6A ). However, paricalcitol suppressed significantly the levels of p-p38, compared to I/R group, (p = 0.001). Activation of PI3K/Akt was evaluated by elevated levels of phosphorylated Akt, p-Akt, in the I/R group, compared to the sham group (p = 0.031). It was found that paricalcitol increased significantly p-Akt during renal I/R (p = 0.038) ( Figure 6B ). Additionally, both p-p38 MAPK and p-Akt were correlated positively with KIM-1 (r = 0.410, p = 0.023; r = 0.624, p = 0.019, respectively). For the determination of the effects of paricalcitol pretreatment on NFκB activation, total p65 and phosphorylated p65 (p-p65) expression levels were also evaluated in this study. As compared to sham group, I/R induced significantly p-p65 expression in the renal I/R group (p = 0.007). However, pretreatment with paricalcitol significantly inhibited p-p65 expression in the kidney during renal I/R (p = 0.01) ( Figure 6C ). Similar to p38 MAPK and total Akt, total p65 protein expressions were not changed significantly between the groups.
Discussion
The present study presented for the first time that paricalcitol pretreatment attenuated oxidative stress, inflammation, and apoptosis in the I/R induced kidney tissues, which could be related to its effects on both suppression of p38 MAPK and activation of PI3K/Akt signaling pathways during renal I/R.
It is well known that the excessive ROS generation results in tissue injury during renal I/R by attacking membrane lipids, DNA, and proteins [27] . The protective effect of paricalcitol on oxidative stress were investigated in various renal diseases [12] [13] [14] [15] [16] and also renal I/R injury models [17] [18] [19] [20] [21] . The results of our study regarding significantly decreased MDA level and elevated the activity of SOD in kidneys by paricalcitol during renal I/R was in line with the those studies.
Previous studies showed that p38 MAPK signaling has rapid response against oxidative stress and inflammation, which resulted in cell apoptosis as well as inflammatory responses in I/R injury [3] [4] [5] . Also, there is accumulating evidence that inhibition of p38MAPK is a promosing target for the treatment of renal I/R injury [7, 8] . Recently, a study performed on unilateral ureteral obstruction model in mice reported that paricalcitol treatment also markedly reduced p-p38 level in kidneys [28] . However, the effect of paricalcitol on p38MAPK signaling in renal I/R has not been reported yet. This is the first study to demonstrate paricalcitol pretreatment could suppress p38 MAPK activation, which reflects to decreased p-p38 MAPK expression. It has been shown that p38 MAPK pathway can also regulate NFκB activation. NFκB is one of the important transcription factor involved in regulation of inflammation and apoptosis. Its activation is mainly dependent on p65 phosphorylation [29] . There are few studies investigating the impact of paricalcitol pretreatment on NFκB activity in renal I/R. Lee et al. reported that paricalcitol decreased NFκB activation, however, the dose of paricalcitol was higher than that of our study. They suggested that the inhibition of NFκB activity caused by paricalcitol could be related to supression of Toll-like receptor 4 (TLR4) activation [19] . In another study performed on mice by using same dose as in our study, it was shown that paricalcitol inhibited NFκB via PGE 2 -receptor EP4 signaling pathway [20] . Similarly, we also showed that the dose of paricalcitol used for our experimental setting had capacity to inhibit NFκB activation. Subsequently, it was also determined that paricalcitol significantly decreased TNF-α and IL1-β mRNA expression in parallel to reduced I/R induced inflammatory cell infiltration as demonstrated by histological analysis. We also evaluated the activation of caspase-3, known as a final mediator in the accomplishment of apoptosis induced by oxidative stress and inflammatory response in the kidney [5, 30, 31] . Previously, it was reported that paricalcitol decreased the active caspase-3 expression in gentamycine induced kidney [32] . Herein, we first report that paricalcitol pretreatment inhibited significantly kidney expression of active caspase-3, which was induced during renal I/R. The renoprotective effect of paricalcitol was further confirmed by analysing the expression of kidney injury molecule-1 (KIM-1), known as a strong marker for proximal tubular injury. Normally, its expression is low in the kidney. However, it is highly increased in the proximal tubules after acute injury and rapidly decreases during remodeling phase. In fact, it mediates phagocytosis of apoptotic bodies since it is a phosphatidyl serine receptor. However, it was shown that its chronic expression resulted in chronic inflammation and fibrosis [33] [34] [35] . In this study, we reported, for the first time, that the rats pretreated with paricalcitol during renal I/R had significantly lower gene expression of KIM-1 in their kidneys which also reflected to its protein level, compared to renal I/R group. This finding is an another strong indication of reduced injury in the paricalcitol pretreatment group. It was also consistent with our previous study [21] and other publications [19, 20] which report that pretreatment with paricalcitol attenuated the elevation of serum creatinine level, which is a renal function parameter. On the other hand, a previous study showed that p38 MAPK signaling directly induced KIM-1 expression in HK-2 cells [34] . In this study, the ability of paricalcitol on downregulation of KIM-1 expression during I/R indicated that it has also the capacity to prevent the progression of acute kidney injury. Besides, activation of PI3K/Akt signaling has been known to inhibit renal apoptosis and inflammation [9, 10] . KIM-1 also has been reported to activate PI3K/Akt signaling [35] . In this regard, we also found that activation of p38 MAPK and Akt were significantly together with increased KIM-1 during renal I/R, indicating that there might be relation among them. Paricalcitol pretreatment also significantly induced Akt activation, compared with the I/R group. Studies investigating the impact of paricalcitol on activation of PI3K/Akt signaling during renal I/R are very limited. Hong et al. showed that induction of EP4 activation by paricalcitol mediated also activation of Akt, which is associated to attenuated inflammation and apoptosis [19] . By contrast, Suh et al. demonstrated that gentamicin-induced Akt activation was counteracted by paricalcitol co-treatment. They suggested that decreased activation of Akt by paricalcitol might be associated with protection from renal fibrosis, indicating that the conflincting roles of Akt activation in the kidney various stimuli [32] . Our results collectively indicate that paricalcitol would prevent renal injury by both suppressing the activation of p38 MAPK and inducing the activation of PI3K/Akt signaling. These results suggested that there may be a regulatory cross talk between these signaling pathways involved in inflammation and apoptosis.
In conclusion, we demonstrated that the renoprotective effects of paricalcitol in renal I/R injury model in rats could be related to inhibited p38 MAPK and activated PI3K/Akt signaling pathways. These actions of paricalcitol can play a critical role in its antioxidant, antiinflammatory and antiapoptotic effects in renal I/R injury. However, the precise mechanisms of the effects of paricalcitol require further research extending the spectra of pathways involved. Nevertheless, all these findings indicate that paricalcitol may be an effective practical strategy to prevent renal I/R injury.
